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Sir John Kendrew, who died in Cambridge on August 23,
was one of a small group of scientists who laid down the
foundations of molecular biology and structural biology. In
1962, John Kendrew and Max Perutz shared the Nobel
Prize in Chemistry, awarded for ‘their studies of the struc-
tures of globular proteins’.
Kendrew was born in Oxford, where his father was Reader
in Climatology and his mother was an art historian, her
main interest being Italian Primitives. John Kendrew
studied at Clifton College, Oxford, and then in 1936 went
on to Trinity College, Cambridge, where he graduated in
Chemistry in 1939. He then started research in the field of
reaction kinetics, but after a few months he was called up
for military service and became a member of the Air Min-
istry Research Establishment, working on radar. Kendrew
had a distinguished war career, during which time he was
engaged in operational research with the Coastal
Command, in the Middle East and in South-East Asia.
A short description of Kendrew’s connections with a few
other key scientific persons will help understand how
structural biology was started and John’s part in this
process. While in military service in South-East Asia, John
met JD Bernal, who explained to him the great and chal-
lenging possibility of determining protein structures by
means of X-ray analysis. During the 1930s, Bernal was the
leader of an active research group at the Cavendish Labo-
ratory in Cambridge. Bernal’s group had been successful
in starting structural studies of biologically important mol-
ecules and macromolecules. Two enthusiastic and tal-
ented students of Bernal were Max Perutz, who started
work on haemoglobin in 1937, and Dorothy Hodgkin (then
Dorothy Crowfoot), who in 1934, together with Bernal,
took the first X-ray photograph of a protein crystal — that
of pepsin. Bernal’s description of his research no doubt
had a big influence on Kendrew. This interest in protein
crystallography was further amplified during a military
visit to California, where Kendrew happened to meet
Linus Pauling, the well-known chemist, and found that he
too was interested in the structures of amino acids, pep-
tides and proteins. This made a great impression on John.
Finally, Sir Lawrence Bragg’s vast knowledge in X-ray
structure analysis as well as his enthusiasm and strong
support of Max and John was of utmost importance during
their first difficult years of structural studies of biological
macromolecules. In 1938, when Max showed Bragg, the
new Professor in Physics at the Cavendish Laboratory, an
X-ray picture of haemoglobin, Bragg immediately saw the
challenging possibilities and the great importance of being
able to determine the structure of haemoglobin. 
Soon after the war (in 1947) Bragg, the physicist, succeeded
in obtaining a grant from the Medical Research Council, to
support the work of Max Perutz, John Kendrew (who
started to work with Max in 1946) and two research assis-
tants. This marked the creation of the MRC Unit for Mol-
ecular Biology (later the MRC Laboratory of Molecular
Biology) at Cambridge. It was in this new unit, housed in a
small on-store ‘Hut’ in the court-yard of Cavendish Labora-
tory, that Max and John started their difficult and pioneer-
ing work of solving the structures of haemoglobin and
myoglobin by means of X-ray analysis. It was also in this
humble laboratory that Francis Crick and Jim Watson a few
years later determined the structure of DNA.
The projects of John and Max were immensely difficult,
but there was no doubt that haemoglobin and myoglobin
were two important protein molecules. As became evident
later on, the choice was also excellent from a structure
determination point of view. The high content of a helices
(around 70%) simplified the interpretation, especially in
the early stages, and the close structural similarities between
the two molecules enabled rewarding comparisons to be
made and also strongly increased the confidence in the
correctness of both structures. John and Max, however,
John Kendrew at the model of myoglobin. Picture reproduced by
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had some very tough years full of hard work and worries
about the outcome of their projects. So much was new, sci-
entifically and technically. There were needs for things
like a microdensitometer, methods for phase angle deter-
mination, a computer with reasonable power, computer
programs, etc. It certainly did not make things easier when
many colleagues like Astbury (who worked on keratin)
wondered if the problems were too difficult and if John
and Max were just wasting their time. At this stage, the
encouragement from two scientists with deep insight in
structure determination was of great value. Both Sir
Lawrence Bragg and Dorothy Hodgkin argued as follows:
the diffraction data were obviously possible to collect,
even at high resolution, although it would imply very hard
work. This meant that sooner or later, when the tech-
niques improved, new methods would be developed and
make the whole process possible. No doubt they were
right. In 1953, a very important break-through came. Max
and his collaborators were able to show that the isomor-
phous replacement method could be used for the calcula-
tion of phase angles in structure determination of biological
macromolecules. John and Max started to ‘see the light at
the end of the tunnel’.
It is by no means easy to distinguish between the many
important contributions made by Max and John. In the
following, however, I will concentrate on John’s way of
thinking and working. After the discovery of the possibil-
ity to use the isomorphous replacement method for phase
angle determination, John was in an ideal situation. He
was calm, had sane judgement, was very accurate and had
strict order and method in his planning and work. Fur-
thermore, he was an excellent leader of a research team.
All these qualifications were of course of utmost impor-
tance during the gigantic work which followed. The
structure of myoglobin was determined in steps: firstly to
a resolution of 6 Å and then to 2 Å, using film data, and
four and three heavy-atom derivatives, respectively.
Some years later, the resolution was pushed to 1.5 Å,
using data collected on a diffractometer. The 6 Å map
and model, which appeared in 1957, were most encour-
aging. Several stretches of high electron density had the
dimensions of a helices (in accordance with Linus
Pauling’s model, described a few years earlier), and one
area with the highest density indicated the position of the
haem group. The 2 Å resolution step, which followed,
involved much more work, new methods and, of course, a
lot of new worries. Nobody knew if, at that resolution, the
phase angles could be determined with an accuracy good
enough to allow interpretation of the mainchains and the
sidechains. Again, John was keen to apply the highest
possible accuracy, in order to obtain the best possible
map. It was very lucky for the project that the new com-
puter in Cambridge, EDSAC II (probably the fastest
computer in the world at that time), was just ready to be
used for all the extensive calculations.
Richard Dickerson has in his article ‘A little ancient
history’ [1] described many of the activities during the 2 Å
myoglobin work, which culminated on a sunny morning in
the beginning of August 1959. After a whole night of cal-
culating the electron-density map, a tired group of about
10–15 people could, even as the sections were being
printed, see that the haem group had the correct density
distribution and that a couple of the helices, running
obliquely through the map sections, were hollow. The
result was no doubt excellent, clearly better than we could
have anticipated.
With these results at hand, it was most useful that John
was a master in writing papers, as well as an excellent lec-
turer with a special knowledge to speak to mixed audi-
ences of people with different backgrounds. From the two
papers describing the 2 Å structure of myoglobin [2,3], it is
very easy to follow how the model was constructed: brass
skeleton models, at a scale of 5 cm = 1 Å (known as the
‘Caltech models’), were fitted into a forest of steel rods
and coloured clips were attached to indicate the levels of
electron density. The haem group and all the eight helices
were easily interpretable and most of the sidechains could
be positioned. Many internal checks (including the haem
group, the helices, comparisons of the structure with the
amino acid sequence, etc) as well as the very interesting
comparisons with the 5.5 Å structure of haemoglobin, deter-
mined by Max Perutz and his colleagues also in August
1959, gave a clear assurance that both the structures were
essentially correct. This fact probably explains why the
Nobel Prize was awarded to Max and John only three
years after these discoveries.
Two incidents during the 2 Å myoglobin work are good
illustrations of John Kendrew’s calm and sound judgement:
firstly, when the vial containing the crystals of the gold
derivative (which needed months of soaking time) dried
out in the middle of the data collection because the cap was
not properly screwed on, John’s only comment was: ‘We
just have to see where we are with the gold derivative’; sec-
ondly, during the refinement of the heavy atom parameters,
when the scale factors behaved completely abnormally (the
native data had been punched on absolute scale and the
derivatives on a very different relative scale) and the atmos-
phere in the myoglobin team was somewhat chaotic, John
only remarked: ‘Let us be systematic’. The unexpressed
piece of advice he gave us was obvious: ‘Turn frustration
into creative thinking and action.’
During the intensive work on the myoglobin structure,
John was already involved in the planning and administra-
tion of various scientific activities. During the late the 1950s,
he shouldered the heaviest work when the Journal of Mol-
ecular Biology was started. He then served as its Editor-
in-chief until 1987. During the early 1960s, he became
even more engaged in committee work and organization
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of scientific matters. He was one of the founders of
EMBO, the European Molecular Biology Organization, for
which he was Secretary-general for many years. He was
also extensively involved in the creation of EMBL, the
European Molecular Biology Laboratory, located in Hei-
delberg, where he worked for many years as its first Direc-
tor-general. Furthermore, John was a member of many
other committees and boards, both public and private. He
chaired, for example, the Defence Scientific Advisory
Council (1971–1974) and he served as a trustee of the
British Museum (1974–1979).
Many people might think that it was somewhat surprising
that John only a few years after the 2 Å work on myoglobin
almost lost touch with active scientific research and became
so deeply involved in committee work and the organiza-
tion of scientific matters. There may be many reasons for
this development. I would just like to point out a few
things. John was extremely capable of the organizing and
planning of difficult activities and he apparently liked
very much to work on such things. He probably felt chal-
lenged in solving these often difficult problems. Further-
more, he would only accept to do things very well.
John Kendrew will be remembered for this outstanding
contribution to the birth and building-up of molecular
biology; in part, for his enormous work in organizing
important scientific matters and thus serving both his sci-
entific colleagues, as well as the society outside science;
but foremost, he will be remembered for his brilliant work
in solving the structure of myoglobin and thereby, together
with a few other pioneers, laying down the foundations of
structural biology.
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